Id: a target of BMP signaling.
Cytokines of the transforming growth factor-beta (TGF-beta) superfamily transduce their signals by activating receptor-regulated Smads (R-Smads). Distinct R-Smads or combinations of R-Smads are activated by TGF-beta, activin, or bone morphogenetic proteins (BMPs). R-Smads activated by BMPs induce expression of Id proteins, which act as inhibitors of differentiation and stimulators of cell growth by inhibiting the function of basic helix-loop-helix transcription factors. In endothelial cells, TGF-beta binds to two distinct type I receptor serine-threonine kinases, ALK-5 and ALK-1; the latter activates the same R-Smads that are activated by BMP and induces synthesis of Id (inhibitor of differentiation or inhibitor of DNA binding) proteins. Growing evidence suggests that Id proteins may play crucial roles in angiogenesis, neurogenesis, and osteogenesis and act as key molecules in regulating biological responses induced by BMPs and TGF-beta.